It has been known for many years that the size of metal particles immobilized on solid supports in heterogeneous catalysts is often of nanoscale dimensions, nevertheless, recent advances in nanoscience and nanotechnology enable the precise synthesis and characterization of NPs, and therefore open the way for a more rational control of their catalytic properties [1] . Indeed, catalysis is considered as the central field of nanoscience and nanotechno logy, which presents new opportunities for an atom-by-atom design, tuning and control of chemical activity, specificity, and selectivity of a catalyst [2, 3] . The central aims of nanocatalysis comprise: 1) controllable synthesis and precise characterization of nanocatalysts; 2) understanding the interplay between the chemical composition, size, morphology, or charge state of the nanocatalysts and their catalytic performance; 3) rational control of a catalytic reaction by modifying the active site on a nanocatalyst and 4) enhancement of the stability and the recyclability of the nanocatalysts.
Nanocatalysis has undergone great prosperity in the past two decades. A simple search through any search engine (SCIFinder, Web of Science, Google Scholar, etc.) with the key word "nanocatalysis" would clearly indicate an exponential growth in scientific publications in the past 20 years [4] . For a special issue in Nanotechnology Reviews such as this one, it has to be limited to a selection of topics out of the broad range of issues pertaining to nanocatalysis. Nevertheless, this issue intends to cover various aspects ranging from very fundamental investigations to more application-driven researches. We attempt to provide the audience with a feeling of the width of the field by a broad range of topics, and also an understanding of the depth of selected topics by highlighting specific illustrative examples of current research in a few particular domains.
Although there are only six review articles in this issue, it covers almost all of the central aims of nanocatalysis. The first paper by Weiqing Zhang and Xianmao Lu illustrates the controllable synthesis and characterization of bimetallic nanostructure catalysts in electrochemistry. Compared to their monometallic counterparts, bimetallic nanostructures with well-defined shapes have shown distinct and advantageous catalytic properties. Latest developments in the application of morphology-controlled Pt-and Pd-based bimetallic nanocrystals bearing shapes such as nanodendrites, polyhedra, porous hollow structures, and core-shells, are introduced.
Following that, Hao Li and his co-workers discuss the nature of active sites in nanoscale materials and briefly describe how the clusters function in catalysis. Perspectives on the active sites of heterogeneous catalysis from two unique angles, i.e., the electronic structure and geometric structure of nanoclusters have been proposed. Finally, the challenges in nanocatalysis research methods are described.
Fully understanding of the interplay between the structural parameters of nanocatalysts and their catalytic performance is a non-trivial task. Two reviews take specific reactions as examples to tackle this issue. Gao Li and Rongchao Jin specifically review the carbon-carbon coupling reactions using gold nanoparticles (NPs) as the catalyst. The catalytic mechanisms of these carbon-carbon coupling reactions are discussed. The review also provides insightful perspectives on some future work on gold nanocatalysis in coupling reactions. On the other hand, the review by Peng Zhai et al. focuses on recent strategies to synthesize Fischer-Tropsch (FT) nanostructured catalysts and their catalytic performance in FT reaction. The crucial factors associated with the catalyst compositions, structures and their effects on the FT reaction activities are discussed, based on both theoretical modeling and experimental results.
The synthesis of NPs in ionic liquids (ILs) is a very important subfield in nanocatalysis. ILs are well established as solvents and stabilizing agents for the synthesis of metallic NPs (NPs) in general, however, a predominant fraction of research has focused on monometallic NPs. As the synthesis of metal oxide and bimetallic NPs in ionic liquids is still relatively rare, Martin Prechtl and Paul S. Campbell provide a timely review on the synthesis and application of metal oxide and bimetallic NPs in ILs. In their article the state of the art of the synthetic methods for these materials and their application in a broad range of catalytic reactions is summarized.
Stability and recyclability are paramount to catalysis. The review by Liane M. Rossi et al. focuses on metal NPs supported on magnetic responsive solids and their recent applications as magnetically recoverable nanocatalysts. Metal NPs attached to a magnetic solid can be easily carried and recovered by magnetic separation. Some examples of magnetically recoverable metal NPs used in hydrogenation, oxidation, C-C coupling reactions, photocatalysis, and other organic reactions are highlighted.
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